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Abstract
1 - Phytoplankton is considered as a natural bioindicator of water quality because of its sensitivity and 
its complex and rapid response to change of environmental conditions. 
2 - The aim of this study was to investigate and provide important new information about the checklist 
of phytoplankton species in different lagoons of the Faafu atoll in Maldivian archipelago.
3 - A total of 140 phytoplankton taxa were identified. In terms of species richness, dinoflagellates were 
the largest group with 55 identified taxa belonging to 22 genera. Coscinodiscophyceae recorded 38 
taxa belonging to 14 genera; Bacillariophyceae represented by 18 taxa belonging to 10 genera and 
Fragilariophyceae recorded 11 taxa belonging to 8 genera. Most of the other classes were poorly 
represented with only one or , at most, two taxa for each genus.
Keywords: phytoplankton; taxonomic structure; diatoms; dinoflagellates; Maldivian Atoll; Indian Ocean.
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Introduction 
Phytoplankton account for ~1 % of the 
photosynthetic biomass on Earth, nevertheless 
they are responsible for between 40 and 50% 
of the total primary production (Longhurst 
et al., 1995; Field et al., 1998; Falkowski 
et al., 2004). These photosynthetic protists, 
ubiquitous in earth’s water environments, 
are also of global significance for climate 
regulation and biogeochemical cycling 
(Winder and Sommer, 2012).
Phytoplankton composition and size structure 
are considered as a natural bioindicator 
of water quality variations because of 
its sensitivity, and its complex and rapid 
responses to changes of environmental 
conditions (Livingston, 2001; Padisák et 
al., 2006). Particularly, phytoplankton size 
spectra seem to have a high information 
content for assessing changing environmental 
conditions (Sabetta et al., 2008; Lugoli et 
al., 2012; Vadrucci et al., 2013). According 
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to the frequency and intensity of these 
changes, qualitative and quantitative aspects 
of the biota can be modified, selecting 
species by means of competition mechanisms 
allowing the survival of species favoured 
by their adaptive strategies (Margalef, 
1983; Reynolds, 1988). Patterns of seasonal 
phytoplankton succession have been 
extensively investigated around the world. 
Long term monitoring programs allowed a 
comprehensive knowledge of phytoplankton 
dynamics in selected areas (e.g. Cloern, 
1996; Ribera d’Alcalà et al., 2004; Silva et 
al., 2009). 
Much work is still needed to unravel 
phytoplankton composition and patterns 
in many remote areas that remain largely 
unexplored, such as Maldivian atoll lagoons.
Atoll lagoons and coral reef and are 
productive ecosystems, compared to 
surrounding ocean (Hatcher, 1997). Atolls 
have different morphologies; their general 
saucer-shape lagoon morphology is bounded 
by a rim, which can be completely closed by 
a continuous emerged rim, or very open to the 
ocean with continuous submerged reef flats. 
Open atolls have wide reef flats along most 
of their perimeter, draining waters from the 
ocean towards the lagoon when waves break 
along the rim crest (Dumas et al., 2012). 
Proposed atoll typology (Andrefouet et al., 
2001) has some similarity with Mediterranean 
lagoon typology (Basset et al., 2006) both 
considering lagoon surface as a main driver 
of lagoon biodiversity.
Maldivian archipelago, a small island nation 
in the tropical Indian Ocean (Southwest of 
India) shows some of the most characteristic 
and size able worldwide atoll systems (Risk 
and Sluka, 2000), with numerous coral-reef 
islands made up exclusively of accumulations 
of carbonate sand and gravel (Semprucci et 
al., 2011). 
With its 22 atolls rising from a submerged 
plateau or separated by deep ocean tracts, 
the Maldivian archipelago represents an 
excellent natural laboratory and opens many 
possibilities for research, since it is devoid of 
any consistent terrigenous influx (Ciarapica 
and Passeri, 1993). 
Purely taxonomic papers about meiofauna 
(Gerlach, 1961, 1962, 1963a,b, 1964; Gallo 
et al., 2007) and a fairly extensive literature 
available on biological and ecological topics 
concern Maldives (Anderson et al., 2011; 
Bianchi et al., 1997, 2006; Kitchen-Wheeler 
et al., 2012; Lasagna et al., 2008, 2010). 
Information about phytoplankton biomass, 
in terms of chlorophyll-a concentrations, for 
a little part of these atoll lagoons is knows 
(Anderson et al., 2011) however studies, 
in terms of taxonomic composition of 
phytoplankton, are lacking for this area.
The aim of this study was to provide 
new information about the phytoplankton 
taxonomic structure in different lagoons of 
the Faafu atoll in the Maldivian archipelago. 
This study was focused to the general 
description of phytoplankton species 
composition in 10 different atoll’s lagoons. 
Study area
The Maldivian archipelago extends between 
7°10’ N (Ihavandiffulu Atoll) and 0°43' S 
(Addu Atoll) for over 800 km and is 130 km 
wide. Its central sector consists of a double 
chain of atolls rising from a submerged 
plateau, whose depth varies from over 500 
m in the North to 300-400 m in the South. 
The archipelago is made up of 22 atolls 
of circular or elongated shape, the sizes 
varying from some kilometers to many tens 
of kilometers, and contains more than 1000 
islands which cover a surface of 298 km2. 
Every atoll is formed by a marginal rim 
surrounding a lagoon commonly less than 
50-60 m deep, though some reach depths of 
more than 80 m (Suvadiva Atoll, Kolumadulu 
Atoll). This marginal rim is interrupted by 
deep channels (passes; "kandu" in Maldivian 
language) which lead to strong water 
circulation inside the lagoon, favouring 
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the development of many patch reefs. 
The atoll lagoon is dish-shaped but, in detail, 
the floor is very irregular with many patchy 
reefs. 
The atoll lagoons are characterized mainly by 
sandy sediments; a large amount of the sand 
(more than 50%) derives from mechanical 
erosion and from bioerosion of the reef. A 
minor amount is due to benthonic organisms 
living in the sand with fewer contributions 
from planktonic foraminifers (Ciarapica and 
Passeri, 1993). 
This study was conducted at Faafu Atoll, 
Republic of Maldives, a small nation of coral 
atolls off the south-west coast of the Indian 
Ocean (Fig. 1).
Material and methods
Field sampling and sample processing
The study was processed on different 
atoll lagoons selected according to a 
morphological parameter: lagoon area. This 
parameter has a clear influence on the degree 
of water exchange between lagoons and the 
surrounding ocean, a hydrodynamic factor 
which was proved to play a decisive role 
on nutrient budget in lagoons (Smith, 1984; 
Dufoura and Berland,1999). 
In order to determine composition of 
phytoplankton in a pristine area, 10 
lagoonal sites were sampled: BileydhooSWa, 
BileydhooSWb, BileydhooSWc, Ebulufushi, 
Ebulufushi AR, Filitheyo Maavaru, Maagaa, 
Medhugaa, Magoodhoo and Magoodhoo E.
Sampling has followed a hierarchical design 
according to the criteria adopted for a large 
scale survey, which is currently in progress 
in various worldwide eco-regions (POR 
Strategic Project) (see, Durante et al., 2013; 
Souza et al., 2013; Roselli et al., 2013; 
Stanca et al., 2013 for other world eco-
regions) (for further information see the web 
site: http://phytobioimaging.unisalento.it/
en-us/studysites/samplingdesign.aspx.).
This study was carried out in May 2012. 
Three sampling stations were set up for each 
site inside in each lagoon. At each station, 
three samples for the phytoplankton study 
were collected using a 6µm net. 
The water samples were fixed with Lugol’s 
solution. Phytoplankton analysis was carried 
out on preserved subsamples. Taxonomic 
identification was performed on a sub-
sample of 400 cells at 400× magnification 
under an inverted microscope (Nikon Eclipse 
Ti-S) connected to a video interactive image 
	  
Figure 1. Localization of the 10 atoll’s lagoons, in Faafu atoll.
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analysis system (L.U.C.I.A, Version 4.8, 
Laboratory Imaging Ltd., Prague) with a 
lower detection limit of 5 µm following 
Utermöhl’s method (Utermöhl, 1958). For 
a more detailed identification an inverted 
microscope Nikon Eclipse Ti-E coupled with 
an image analysis system (NIS–Elements AR 
Nikon Instruments software, version 3.06) 
was used.
Taxonomic identification of nano-
microphytoplankton was carried out using 
specific manuals and appropriate monographs: 
Van Heurck, 1880-1885; Kofoid, 1907; Boyer, 
1926; Cupp, 1943; Graham and Bronikovsky, 
1944; Crosby and Wood, 1958, 1959; Wood et 
al., 1959; Wood, 1963; Subrahmanyan, 1968; 
Subrahmanyan, 1971; Gopinathan, 1975; 
Rampi and Bernhard, 1978, 1980, 1981; 
Dodge, 1982; Ricard, 1987; Sournia, 1986, 
1987; Chrétiennot-Dinet, 1990; Round et 
al., 1990; Tomas, 1997; Bérard-Therriault et 
al., 1999; Faust and Gulledge, 2002; Cortés-
Altamirano and Sierra-Beltrán 2003; Pavel 
Škaloud and Řezáčová 2004; Gómez, 2007; 
Gul and Saifullah, 2007; Okolodkov, 2008; 
Hernández-Becerrila et al., 2008; Saifullah 
et al., 2008; Al-Kandari et al., 2009; Al-
Yamani and Saburova, 2010; Haraguchi and 
Odebrecht, 2010; Lee and Lee, 2011.
The “cf.” qualifier was used to indicate 
specimens that were similar to (or many 
actually be) the nominated species. Taxa 
which contain the “undet.” (undetermined) 
identifier were likely to be algal entities, 
but could not be identified as any identified 
genus. In some cases, species were broken 
up into separate taxa based on size (e.g., 
Dinophyceae undet. > 20 µm ).
During phytoplankton identification, 
sometimes is not possible to identify the 
organism to the species level, though 
recognizing common characteristics within 
a group of cells belonging to the same 
genus. In this case, to identify that organism 
in the phytoplankton list is reported the 
name of the genus followed by numbered 
“sp.” (e.g. Pseudo-nitzschia sp. 2, Pseudo-
nitzschia sp. 3, Pseudo-nitzschia sp. 4, etc). 
The complete list, including all numbered 
species, is available on the website www.
phytobioimaging.unisalento.it.
 
Results and Discussion
Phytoplankton composition in Maldivian 
atoll lagoons
The phytoplankton found in the Faafu atoll 
lagoons are listed below. The list is ordered 
by phylogenetic hierarchical taxonomic 
order. The study records the presence 
of eleven classes: Bacillariophyceae, 
Chlorophyceae, Coccolitophyceae, Coscinod
iscophyceae,Cyanophyceae, Cryptophyceae, 
Dictiophyceae,Dinophyceae, Ebriophyceae, 
Fragilariophyceae and unidentified 
phytoflagellates. 
A total of 140 phytoplankton taxa were 
identified, among which at least 75 to the 
species level and 54 to the genus level 
(Appendix 1). For 11 taxa identification to 
the genus level was not achieved. 
Majority of the phytoplankton were 
Dinophyceae, making up 55 taxa belonging 
to 22 genera. The most representative 
dinoflagellates genera were Ceratium Schrank 
and Prorocentrum Ehrenberg with 8 taxa for 
both, Oxytoxum Stein and Protoperidinium 
Bergh with 6 and 4 taxa, respectively. 
15 genera belonging to Dinophyceae 
were represented by only one taxon. The 
unidentified dinophyceae taxa were reported 
according to their different morphological 
characteristics (e.g., > or < 20 µm).
Coscinodiscophyceae emerged as second 
dominant class, recording 38 taxa from 14 
genera. Within these, most representative 
genera were Chaetoceros Ehrenberg with 
13 taxa and Rhizosolenia Brightwell with 6 
taxa, respectively. Bacillariophyceae were 
represented by 18 taxa belonging to 10 
genera. Genus Pseudo-nitzschia H. Peragallo 
presented the higher number of taxa (6)
Fragilariophyceae recorded 11 taxa belonging 
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to 8 genera and Licmophora C.Agardh was 
the most important genus, with 3 taxa. 
For the other classes, Chlorophyceae was 
represented by 5 taxa belonging to 3 genera, 
Cyanophyceae by 4 taxa belonging to 3 
genera, followed by Coccolitophyceae with 
2 taxa belonging to 2 genera. Only one taxon 
was recorded for both Dictiophyceae and 
Ebriophyceae, respectively. Cryptophyceae 
and phytoflagellates identification was not 
achieved to the genus level. 
The results from the present study revealed 
floristically diverse phytoplankton 
composition in Faafu atoll lagoons with 
predominantly dinoflagellates and diatoms 
(Coscinodiscophyceae, Bacillariophyceae 
and Fragilariophyceae). Some taxa live 
singly, whereas others form colonies and 
they may assume a diverse range of shapes.
Dinoflagellates exhibit a wide divergence 
in morphology and size that are essential 
features used to identify species, as well as 
surface ornamentation (pores, areolae, spines, 
ridges, etc.). Armored or thecate species, 
those that possess a multi-layered cell 
wall, can be distinguished from unarmored 
or athecate species, those that lack a cell 
wall (Faust and Gulledge, 2002). On the 
other hand, the presence of association of 
centric and pennate diatoms, and their living 
conditions reflect the physical and chemical 
parameters of the lagoon (e.g. shallow water 
column; salinity) (Sylvestre et al., 2001). 
Other phytoplankton groups, even though 
poorly represented in taxonomic terms, are 
an important component. of photosynthetic 
organisms and of the base in the aquatic food 
chain.
Analyzing species composition of 
phytoplankton community is, on one hand, 
high time consuming and requires detailed 
taxonomic knowledge, on the other hand, 
leads to important information about the 
changes occurring in species composition 
with environmental change.
 
Acknowledgements
The authors would like to thank the Maldivian 
fishermen. helping with the field campaign. This 
research was  funded by the POR PUGLIA Progetto 
Strategico 2009-2012 titled “Methodological 
procedure implementation and software tool 
development for the assessment of ecological 
status of aquatic ecosystems from the analysis of 
phytoplankton guilds”.
Authors also thank BIOforIU project funded by 
National Operational Programme for Research 
and Competitiveness and LifeWatch E-Science 
European Infrastructure for Biodiversity and 
Ecosystem Research.
 
References
Al-Kandari M, Al-Yamani FY, Al-Rifaie K 2009. 
Marine Phytoplankton Atlas of Kuwait’s Waters. 
Kuwait Institute for Scientific Research, Safat, 
Kuwait.
Al-Yamani FY, Saburova MA 2010. Illustrated 
Guide On The Flagellates of Kuwait’s Intertidal 
Soft Sediments. Kuwait Institute for Scientific 
Research, Safat, Kuwait.
Anderson RC, Adam MS, Goes JI 2011. From 
monsoons to mantas: seasonal distribution 
of Manta alfredi in the Maldives. Fisheries 
Oceanography 20(2): 104–113.
Andréfouët S, Pagès J, Tartinville B 2001. Water 
renewal time for  classification of atoll lagoons 
in the Tuamotu Archipelago (French Polynesia). 
Coral Reefs 20: 399–408. 
Basset A, Sabetta L, Fonnesu A, Mouillot D, Do 
Chi T, Viaroli P, Reizopoulou S, Carrada GC 
2006. Typology in Mediterranean transitional 
waters: new challenges and perspectives. 
Aquatic Conservation, Marine and Freshwater 
Ecosystems 16: 441–455.
Bérard-Therriault L, Poulin M, Bossé L 1999. 
Guide d'identification du phytoplancton marin 
de l'estuaire et du Golfe du Saint-Laurent 
incluant également certains protozoaires. 
Publication Spéciale Canadienne des Sciences 
Halieutiques et Aquatiques 128: 1–387.
Bianchi CN, Colantoni P, GeisterJ, Morri C 1997. 
Reef geomorphology, sediments and ecological 
zonation at Felidu Atoll, Maldive Islands (Indian 
Ocean). 8th International Coral Reef Symposium 
(ICRS) Proceedings, 1. Smithsonian Tropical 
Research Institute, Panamá, pp. 431–436.
Bianchi CN, Pichon M, Morri C, Colantoni P, 
Benzoni F, Baldelli G, Sandrini M 2006. Le suivi 
© 2013 University of Salento - SIBA http://siba-ese.unisalento.it 138
TWB 7 (2013), n. 2  E. Stanca, L. Roselli, G. Durante, D. Seveso, P. Galli, A. Basset
du blanchissement des coraux aux Maldives: 
leçons à tirer et nouvelles hypothèses. Oceanis 
29: 325–354. 
Boyer CS 1926. Supplement: Synopsis of North 
American Diatomaceae. Part I. Coscinodiscatae, 
Rhizoselenatae, Biddulphiatae, Fragilariatae. 
Proceedings of the Academy of Natural Sciences 
of Philadelphia 78:1–228.
Chrétiennot-Dinet MJ 1990. Atlas du Phytoplancton 
Marin Vol. III: Chlorarachniophycées, 
Chlorophycées, Chrysophyceés, Cryptophycées, 
Euglenophycées ,Eus t igmatophyceés ,Pras ino
phycées,Prymnésiophycées, Rhodophycées et 
Tribophycées. Éditions du C.N.R.S., Paris.
Ciarapica G, Passeri L 1993. An Overview of the 
Maldivian Coral Reefs in Felidu and North Maid 
Atoll (Indian Ocean): Platform Drowning by 
Ecological Crises. Facies 28(1): 33–65.
Cloern JE 1996. Phytoplankton bloom dynamics 
in coastal ecosystems: a review with some 
general lessons from sustained investigation 
of San Francisco Bay, California. Reviews of 
Geophysics 34: 127–168.
Cortés-Altamirano R, Sierra-Beltrán A P 2003. 
Morphology and taxonomy of Prorocentrum 
mexicanum and reinstatement of Prorocentrum 
rhathymum (Dinophyceae). Journal of 
Phycology 39: 221–225.
Crosby LH, Wood EJF 1958. Studies on Australian 
and New Zealand diatoms I. – Planktonic and 
allied species. Transaction of the Royal Society 
of the New Zealand 85: 483–530.
Crosby LH, Wood EJF 1959. Studies on Australian 
and New Zealand diatoms. II. – Normally 
epontic and benthic genera. Transaction of the 
Royal Society of the New Zealand 86: 1–58.
Cupp EE 1943. Marine Plankton Diatoms of the 
West Coast of North America. Bulletin of the 
Scripps Institution of Oceanography, University 
of California.
Dodge JD 1982. Marine Dinoflagellates of the 
British Isles. Her Majesty's Stationery Office, 
London.
Dufoura P, Berland B 1999. Nutrient control of 
phytoplanktonic biomass in atoll lagoons and 
Pacific ocean waters: Studies with factorial 
enrichment bioassays. Journal of Experimental 
Marine Biology and Ecology 234: 147–166.
Dumas F, Le Gendre R, Thomas Y, Andréfouët 
S 2012. Tidal flushing and wind driven 
circulation of Ahe atoll lagoon (Tuamotu 
Archipelago, French Polynesia) from in 
situ observations and numerical modeling. 
Marine Pollution Bulletin 65: 425–440.
Durante G, Stanca E, Roselli L, Basset A 2013. 
Phytoplankton composition in six Northern 
Scotland lagoons (Orkney Islands). Transitional 
Water Bulletin 7 (2): 159-174.
Falkowski PG, Katz ME, Knoll AH, Quigg A, 
Raven JA, Schofield O, Taylor FJR 2004. The 
evolution of modern eukaryotic phytoplankton. 
Science 305: 354–360.
Faust MA, Gulledge RA 2002. Identifying harmful 
marine dinoflagellates. Contributions from the 
United States National Herbarium 42: 1–144.
Field CB, Behrenfeld MJ, Randerson JT, Falkowski 
P 1998. Primary production of the biosphere: 
integrating terrestrial and oceanic components. 
Science 281: 237–240.
Gallo M, D'Addabbo R, De Leonardis C, Sandulli 
R, De Zio Grimaldi S 2007. The diversity of 
Indian Ocean heterotardigrada. Journal of 
Limnology 66: 60–64.
Gerlach S 1961. Űber Gastrotrichen aus dem 
Meeressand der Malediven (Indischer Ozean). 
Zoologischer Anzeiger 167: 471–475.
Gerlach S 1962. Freilebende Meeresnematoden 
von den Maldiven. Kieler Meeresforschungen 
18: 81–108.
Gerlach S 1963a. Freilebende Meeresnematoden 
von den Maldiven II. Kieler Meeresforschungen 
19: 67–103.
Gerlach S 1963b. Robbea tenax sp. n., ein 
merkwürdiger mariner Nematode von den 
Maldiven. Internationale Revue der Gesamten 
Hydrobiologie 48: 153–158.
Gerlach S 1964. Neue Cyatholaimidae 
(Nematoda Chromadorida) von den Maldiven. 
Veroeffentlichungen des Instituts fuer 
Meeresforschung in Bremerhaven 9: 70–78.
Gómez F 2007. Synonymy and biogeography of the 
dinoflagellate genus Histioneis (Dinophysiales: 
Dinophyceae). Revista de Biología Tropical 55 
(2): 459–477.
Gopinathan CP 1975. On new distributional 
records of plankton diatoms from the Indian 
Seas. Journal of the Marine Biological 
Association of India 17 (1): 223–240.
Graham HW, Bronikovsky N 1944. The Genus 
Ceratium in the Pacific and North Atlantic 
Oceans. Biology V. Carnegie Institution of 
Washington Publication 565, Washington, D. C.
Gul S, Saifullah SM 2007. Genus Amphisolenia 
Stein from North –West Arabian Sea shelf of 
Pakistan. Pakistan Journal of Botany 39 (2): 
561–576.
© 2013 University of Salento - SIBA http://siba-ese.unisalento.it 139
TWB 7 (2013), n. 2     Phytoplankton checklist in a Maldivian atoll
Haraguchi L, Odebrecht C 2010. Dinophysiales 
(Dinophyceae) no extremo Sul do Brasil (inverno 
de 2005, verão de 2007). Biota Neotropica 10 
(3): 101–114.
Hatcher BG 1997. Organic production and 
decomposition. In: Birkeland, C. (ed.), Life and 
Death of Coral Reefs. Chapman and Hall, New 
York, 230–248.
Hernández-Becerrila DU, Ceballos-Coronaa 
JGA, Esqueda-Laraa K, Tovar-Salazara MA, 
León-Álvareza D 2008. Marine planktonic 
dinoflagellates of the order Dinophysiales 
(Dinophyta) from coasts of the tropical Mexican 
Pacific, including two new species of the genus 
Amphisolenia. Journal of the Marine Biological 
Association of the United Kindom 88(1): 1–15.
Kitchen-Wheeler AM, Ari C, Edwards AJ 2012. 
Population estimates of Alfred mantas (Manta 
alfredi) in central Maldives atolls: North Male, 
Ari and Baa. Environmental Biology of Fishes 
93: 557–575.
Kofoid C.A. 1907. New species of Dinoflagellates. 
Reports on the scientific results of the expedition 
to the eastern tropical Pacific, in charge of 
Alexander Agassiz, by the U.S. fish commission 
steamer “Albatross”, from October, 1904, to 
March, 1905, Lieut. Commander L.M. Garrett, 
U.S.N., commanding. Bulletin of the Museum of 
Comparative Zoology 50(6): 161–207.
Lasagna R, Albertelli G, Giovanetti E, Grondona 
M, Dilani A, Morri C, Bianchi CN 2008. Status 
of Maldivian reefs eight years after the 1998 
coral mass mortality. Chemistry and Ecology 
24: 155–160.
Lasagna R, Albertelli G, Colantoni P, Morri 
C, Bianchi CN 2010. Ecological stages of 
Maldivian reefs after the coral mass mortality 
of 1998. Facies 56: 1–11.
Lee SD, Lee JH 2011. Morphology and taxonomy 
of the planktonic diatom Chaetoceros species 
(Bacillariophyceae) with special intercalary 
setae in Korean coastal waters. Algae 26(2): 
153–165.
Livingston RJ 2001. Eutrophication processes 
in coastal systems: origin and succession of 
plankton blooms and effects on secondary 
production in Gulf Coast estuaries. Center for 
Aquatic Research and Resource Management. 
Florida State University, CRC Press.
Longhurst A, Sathyendranath S, Platt T, Caverhill 
C 1995. An estimate of global primary production 
in the ocean from satellite radiometer data. 
Journal of Plankton Research 17: 1245–1271.
Lugoli F, Garmendia M, Lehtinen S, Kauppila P, 
Moncheva S, Revilla M, Roselli L, Slabakova 
N, Valencia V, Basset A 2012. Application of 
a new multi-metric phytoplankton index to the 
assessment of ecological status in marine and 
transitional waters. Ecological Indicators 23: 
338–355.
Margalef R 1983. Limnología. Editorial Omega, 
Barcelona, Spain. 
Okolodkov YB 2008. Protoperidinium Bergh 
(Dinophyceae) of the National Park Sistema 
Arrecifal Veracruzano, Gulf of Mexico, with a 
key for identification. Acta botánica mexicana 
84: 93–149.
Padisák J, Borics G, Grigorszky I, Soróczki-Pintér 
É 2006. Use of phytoplankton assemblages for 
monitoring ecological status of lakes within the 
Water Framework Directive: The assemblage 
index. Hydrobiologia 553: 1–14.
Pavel Škaloud P, Řezáčová M 2004. Spatial 
distribution of phytoplankton in the eastern 
part of the North Sea. Fagprojekt in Marine 
Phytoplankton. Department of Phycology, 
Institute of Biology, University of Copenhagen.
Rampi L, Bernhard R 1978. Chiave per la 
determinazione delle Diatomee pelagiche 
Mediterranee. Comitato Nazionale Energia 
Nucleare, CNEN-RT/B10, 80, 8, Roma.
Rampi L, Bernhard R 1980. Chiave per la 
determinazione delle Peridinee pelagiche 
Mediterranee. Comitato Naz Energia Nucleare, 
CNEN-RT/B10, 80, 8, Roma.
Rampi L, Bernhard R 1981. Chiave per la 
determinazione delle Coccolitoforidee 
Mediterranee. Comitato Naz Energia Nucleare, 
CNEN-RT/B10, 81, 13, Roma.
Reynolds CS 1988. Functional morphology and 
adaptive strategies of freshwater phytoplankton. 
In Sandgren, C. D. (Ed.). Growth and 
reproductive Strategies of freshwater 
Phytoplankton. Cambridge University Press, 
New York. 
Ribera d'Alcalà M, Conversano F, Corato F, 
Lisandro P, Mangoni O, Marino D, Mazzocchi 
MG, Modigh M, Montresor M, Nardella M, 
Saggiorno V, Sarno D, Zingone A 2004. Seasonal 
patterns in plankton communities in a pluriannual 
time series at a coastal Mediterranean site (Gulf 
of Naples): an attempt to discern recurrences 
and trends. Scientia Marina 68: 65–83.
Ricard M 1987. Atlas du phytoplancton marin. 
Vol. 2: Diatomophyceés. Centre National de la 
Recherche Scientifique, Paris.
© 2013 University of Salento - SIBA http://siba-ese.unisalento.it 140
TWB 7 (2013), n. 2  E. Stanca, L. Roselli, G. Durante, D. Seveso, P. Galli, A. Basset
Risk MJ, Sluka R 2000. The Maldives: a nation 
of atolls. In: McClanahan, T.R.,Sheppard, 
C.R.C., Obura, D.O. (Eds.), Coral Reefs of the 
Indian Ocean: Their Ecology and Conservation. 
Oxford University Press, NY, 325–351.
Roselli L, Stanca E, Ludovisi A, Durante G, Souza 
JSD, Dural M, Alp MT, Sen B, Gioni S, Ghinis 
S, Basset A 2013. Multi-scale biodiversity 
patterns in phytoplankton from coastal lagoons: 
the Eastern Mediterranean Sea. Transitional 
Water Bulletin 7 (2): 202-219.
Round FE, Crawford RM, Mann DG 1990. The 
diatoms. Biology and morphology of the genera. 
Cambridge University Press, USA.
Sabetta L, Vadrucci MR, Fiocca A, Stanca E, 
Mazziotti C, Ferrari C, Cabrini M, Kongjka 
E, Basset A 2008. Phytoplankton size 
structure in transitional water ecosystems: 
a comparative analysis of descriptive tools. 
Aquatic Conservation, Marine and Freshwater 
Ecosystems 18: 76–87.
Saifullah SM, Gul S, Kha M 2008. The 
dinoflagellate Genus Ornithocercus Stein from 
North Arabian sea shelf of Pakistan. Pakistan 
Botanical Society 40(2): 849-857.
Semprucci F, Colantoni P, Sbrocca C, Baldelli 
G, Rocchi M, Balsamo M 2011. Meiofauna in 
sandy back-reef platforms differently exposed 
to the monsoons in the Maldives (Indian Ocean). 
Journal of Marine Systems 87: 208–215.
Silva A, Palma S, Oliveira PB, Moita MT 2009. 
Composition and interannual variability of 
phytoplankton in a coastal upwelling region 
(Lisbon Bay, Portugal). Journal of Sea Research 
62: 238–249.
Smith SV 1984. Phosphorus versus nitrogen 
limitation in the marine environment. Limnology 
and Oceanography 29 (6): 1149–1160.
Sournia A 1986. Atlas du phytoplancton marin. 
Volume I: Introduction, Cyanophycées, 
Dictyochophycées, Dinophyceés et 
Raphidophycées. Éditions du C.N.R.S., Paris.
Sournia A 1987. Atlas du phytoplancton marin, 
Volume II : Diatomophycées, par M. Ricard. 
Éditions du C.N.R.S., Paris.
Souza JSD, Stanca E, Roselli L, Attayde JL, 
Panosso R, Basset A, 2013. A Checklist of 
phytoplankton species around the equator in 
Guaraìras, Galinhos and Diogo Lopes lagoons 
(Rio Grande do Norte, Brazil). Transitional 
Water Bulletin 7 (2): 220-232.
Stanca E, Roselli L, Cellamare M, Basset A 
2013. Phytoplankton composition in the coastal 
Magnetic Island Lagoon, Western Pacific Ocean 
(Australia). Transitional Water Bulletin 7 82): 
145-158.
Subrahmanyan R 1968. The Dinophyceae of the 
Indian Seas. Part 1. Genus Ceratium. Marine 
Biological Association of India Memoir 2: 
1–129
Subrahmanyan R 1971. The Dinophyceae of the 
Indian Seas. Part 2. Family Peridiniaceae. 
Marine Biological Association of India Memoir 
2: 1–334.
Sylvestre F, Beck-Eichler B, Duleba W, DebenayJP 
2001. Modern benthic diatom distribution in 
a hypersaline coastal lagoon: the Lagoa de 
Araruama (R.J.), Brazil. Hydrobiologia 443: 
213–231. 
Tomas RC 1997. Identifying Marine Phytoplankton. 
AcademicPress, Academic Press, San Diego, 
California.
Utermöhl H 1958. Zur Vervollkomnung der 
quantitativen Phytoplankton Methodik. 
Mitteilungen der Internationalen Vereinigung 
für Limnologie 9: 1–38.
Vadrucci MR, Stanca E, Mazziotti C, Fonda 
Umani S, Georgiae A, Moncheva S, Romano 
A, Bucci R, Ungaro N, Basset A 2013. Ability 
of phytoplankton trait sensitivity to highlight 
anthropogenic pressures in Mediterranean 
lagoons: A size spectra sensitivity index (ISS-
phyto). Ecological Indicators 34: 113–125.
Van Heurck H 1880-1885. Synopsis des Diatomées 
de Belgique. Ed. H. Van Heurck, Anvers.
Winder M, Sommer U 2012. Phytoplankton 
response to a changing climate. Hydrobiologia 
698: 5–16.
Wood EJF 1963. Dinoflagellates in the Australian 
Region II. Recent Collections. Division of 
Fisheries and Oceanography Technical Paper 
No. 14. Commonwealth Scientific and Industrial 
Research Organization, Melbourne, Australia. 
Wood EJF, Crosby LH, Cassie V 1959. Studies 
on Australian and New Zealand Diatoms. 
III. – Descriptions of further discoid species. 
Transaction of the Royal Society of the New 
Zealand 87: 211–219.
© 2013 University of Salento - SIBA http://siba-ese.unisalento.it 141
TWB 7 (2013), n. 2     Phytoplankton checklist in a Maldivian atoll
Appendix 1 - List of taxa identified during sampling period in the Maldivian atoll’s lagoons.
Bacillariophyta 
Bacillariophyceae 
Amphora spp. 
Bacillaria paxillifera (O.F.Müller) T.Marsson 1901 
Bacillaria spp. 
Cocconeis spp. 
Diploneis spp.  
Entomoneis alata (Ehrenberg) Ehrenberg 1845 
Meuniera membranacea (Cleve) P.C.Silva in Hasle & Syvertsen 1996  
Navicula spp. 
Navicula transitans Cleve 1883 
Nitzschia spp. 
Pleurosigma spp. 
Pseudo-nitzschia cf. heimii 
Pseudo-nitzschia pungens (Grunow ex Cleve) G.R.Hasle 1993 
Pseudo-nitzschia sp. 2 
Pseudo-nitzschia sp. 3 
Pseudo-nitzschia sp. 4 
Pseudo-nitzschia spp. 
Bacillariophyceae pennales undet. 
Coscinodiscophyceae 
Asteromphalus flabellatus (Brébisson) Greville 1859 
Asteromphalus hepctactis cf. flabellatus  
Bacteriastrum elongatum Cleve 1897 
Bacteriastrum spp.  
Bellerochea horologicalis Stosch 1980 
Cerataulina pelagica (Cleve) Hendey 1937 
Chaetoceros cf. tetrastichon 
Chaetoceros cf. tortissimus 
Chaetoceros coarctatus Lauder 1864 
Chaetoceros constrictus Gran 1897 
Chaetoceros curvisetus Cleve 1889 
Chaetoceros decipiens Cleve 1873 
Chaetoceros laciniosus F.Schütt 1895 
Chaetoceros lorenzianus Grunow 1863 
Chaetoceros messanensis Castracane 1875 
Chaetoceros pelagicus cf. laciniosus 
Chaetoceros sp. 9 
Chaetoceros sp. 10 
Chaetoceros spp. 
Climacodium frauenfeldianum Grunow 1868 
Dactyliosolen fragilissimus (Bergon) Hasle in Hasle & Syvertsen 1996 
Guinardia delicatula (Cleve) Hasle in Hasle & Syvertsen 1997 
Guinardia flaccida (Castracane) H.Peragallo 1892 
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Appendix 1 - Continued.
Bacillariophyta 
Coscinodiscophyceae 
Guinardia striata (Stolterfoth) Hasle in Hasle & Syvertsen 1996 
Hemiaulus membranaceus Cleve  
Hemiaulus sinensis Greville 1865 
Hemiaulus spp. 
Leptocylindrus danicus Cleve 1889 
Proboscia alata (Brightwell) Sundström 1986 
Proboscia indica (H.Peragallo) Hernández-Becerril 1995 
Pseudosolenia calcar-avis (Schultze) B.G.Sundström 1986 
Rhizosolenia bergonii H.Peragallo 1892 
Rhizosolenia decipiens B.G.Sundström 1986 
Rhizosolenia fallax cf. decipiens 
Rhizosolenia imbricata Brightwell 1858 
Rhizosolenia setigera Brightwell 1858 
Rhizosolenia spp. 
Stephanopyxis palmeriana (Greville) Grunow 1884 
Fragilariophyceae 
Bleakeleya notata (Grunow) Round in F.E. Round, R.M. Crawford & D.G. Mann 1990 
Ceratoneis closterium Ehrenberg 1839 
cf. Fragilaria spp. 
Licmophora flabellata (Grev.)C.Agardh 1831 
Licmophora  sp. 2 
Licmophora  spp. 
Podocystis spp.  
Striatella unipunctata (Lyngbye) C.Agardh 1832 
Thalassionema nitzschioides (Grunow) Mereschkowsky 1902 
Thalassionema spp 
Toxarium undulatum J.W.Bailey 1854 
Chlorophyta 
Chlorophyceae 
cf. Astasia sp. 
Pediastrum boryanum (Turpin) Meneghini 1840 
Scenedesmus sp. 3 
Scenedesmus sp. 8 
Chlorophyceae undet. 2 
Cryptophyta 
Cryptophyceae 
Cryptophyceae undet. 2 
Cryptophyceae undet.  
	  
© 2013 University of Salento - SIBA http://siba-ese.unisalento.it 143
TWB 7 (2013), n. 2     Phytoplankton checklist in a Maldivian atoll
Cyanobacteria 
 Cyanophyceae 
Anabaena spp.  
Lyngbya cf. aestuarii 
Spirulina meneghiniana cf. major 
Spirulina subsalsa Oerstedt ex Gomont 1892 
Cyanophyceae undet. 3 
Dinophyta 
Dinophyceae  
Akashiwo sanguinea (K.Hirasaka) G.Hansen & Ø.Moestrup 2000  
Amphisolenia bidentata Schröder 1900 
Biceratium furca (Ehrenberg) Vanhoeffen 1897 
Ceratium breve (Ostenfeld & Schmidt) Schroder 1906 
Ceratium cf. gibberum 
Ceratium declinatum Karsten 1907 
Ceratium dens Ostenfeld & J.Schmidt 1901 
Ceratium fusus (Ehrenberg) Dujardin 1841 
Ceratium minutum E.G.Jørgensen in Schmidt 1920 
Ceratium setaceum E.G.Jørgensen 1911 
Ceratium vultur var. sumatranum Karsten 1907 
Ceratocorys horrida Stein 1883 
Dinophysis hastata Stein 1883 
Gonyaulax spp. 
Gymnodinium spp. 
Gyrodinium spp. 
Heterocapsa spp. 
Histioneis costata Kofoid & Michener 1911 
Histioneis elongata Kofoid & Michener 1911 
Ornithocercus cf. hetoroporus 
Ornithocercus cf. magnificus 
Ornithocercus thumii cf. steinii 
Ostreopsis cf. ovata 
Ostreopsis spp. 
Oxytoxum cf. tesselatum 
Oxytoxum laticeps Schiller 1937 
Oxytoxum longiceps Schiller 
Oxytoxum scolopax Stein 1883 
Oxytoxum tesselatum (Stein) F.Schütt 1895 
Oxytoxum spp. 
Peridinium quinquecorne Abé 1927 
Phalacroma doryphorum Stein 1883 
Podolampas bipes Stein 1883 
Podolampas palmipes Stein 1883 
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Appendix 1 - Continued.
Dinophyta 
Dinophyceae  
Podolampas spp. 
Prorocentrum cordatum (Ostenfeld) Dodge 1975 
Prorocentrum lima (Ehrenberg) F.Stein 1878 
Prorocentrum micans Ehrenberg 1834 
Prorocentrum rhathymum  
Prorocentrum scutellum Schröder 1900 
Prorocentrum sp.1 
Prorocentrum sp. 2 
Prorocentrum spp. 
Protoperidinium bipes (Paulsen) Balech 1974 
Protoperidinium cf. divergens 
Protoperidinium steinii (Jorgensen) Balech 1974 
Protoperidinium spp. 
Pyrocystis hamulus Cleve 1900 
Pyrocystis obtusa Pavillard 1931 
Scrippsiella trochoidea (Stein) Balech ex Loeblich III 1965 
Scrippsiella sp.1 
Dinophyceae athecate undet. 1 (>20µm) 
Dinophyceae athecate undet. 2 (<20µm) 
Dinophyceae thecate undet. 1 (>20µm) 
Dinophyceae thecate undet. 2 (<20µm) 
Haptophyta 
Coccolithophyceae 
Lhomannosphaera cf. tolica 
Syracosphaera pulchra Lohmann 1902 
Ochrophyta 
Dictyochophyceae 
Dictyocha fibula Ehrenberg 1839 
Protozoa incertae sedis 
Ebriophyceae 
Hermesinum adriaticum O.Zacharias 1906 
Other Phytoplankton  
Phytoplankton undet. 12  
Phytoflagellates undet. 
 
	  
